Abstract: We conducted U-Pb dating on zircon crystals separated from two drill core samples to ascertain whether a tonalite body discovered by drilling in Matsukawaura east of the Futaba Fault near the city of Soma, belongs to a -Ma Paleozoic granite, or to Cretaceous granitoids with age common to the Abukuma Highlands or the Kitakami Mountains. The zircons yield U-Pb ages of -Ma, which are slightly older than the age of Abukuma granitoids exposed to the area between the Hatagawa and Futaba faults ( -Ma). The Matsukawaura tonalite, having a typical adakitic signature, exhibits similarity to Cretaceous Takase Granite in Wariyama Sheared Granodiorite occurring along the east side of the Futaba Fault.
Introduction
Granitic rocks exposed eastward of the N-S-trending Hatagawa Faults of the Abukuma metamorphic and granitic terrane have two implied ages: Paleozoic 300-Ma granite (Ohtomo et al., 2008; Tsutsumi et al., 2010) ; and Cretaceous granitoids with age common to the Abukuma Highland or Kitakami Mountains, of which the southern extension exists here.
Our previous work dated the granitoids exposed in the area between the Hatagawa and Futaba faults, i.e., Zone V of Ishihara and Orihashi (2015) , yielding 108 and 106 Ma by U-Pb dating of zircon crystals of the granodiorites. No granitic outcrop is exposed east of the Futaba Fault, but Tsutsumi et al. (2010) estimated the Paleozoic age from drilled cores. In the extreme northern part of the Abukuma metamorphic and granitic belt, we have gathered tonalites discovered by drilling at Matsukawaura, Fukushima Prefecture, facing the Pacific Ocean.
We ascertained the U-Pb age on zircon crystals from fresh and weathered rocks of drill core samples (Fig. 1) . This report describes results of age dating and presents discussion of the genetic bearing of the new data to the regional interpretation of the granitoids in the northeastern part of the Japanese archipelago.
Studied samples
At the community center of Matsukawaura, Soma city, Fukushima Prefecture, the northeastern coast of the Abukuma Highland (Fig. 1) , Mr, Tadano, owner of a Japanese inn was drilling for hot spring water on his property in 1984. Drilling was stopped at 850 meter below the surface (mbs) because sufficient hot water came up. The owner invited the authors (T. Abe, S. Ishihara and H. Kanaya) to study the drilled granitoids.
The geological profile observed along the drill hole is composed of Neogene sediments containing coal seams with thin Quaternary cover from the surface to 327 mbs. The granitoids occur at 327-850 mbs, with the top 8 m strongly weathered. They were medium-grained, equigranular, hornblende-biotite tonalite. The Matsukawaura Tonalite was weakly foliated between 626 and 675 mbs. Mafic enclaves occurred only rarely. The drill-hole profile was described by Abe and Ishihara (1985) . For this study, two samples for U-Pb dating were selected from six drill core samples. One was a fresh sample with no weathering part, corresponding to sample No. 6 on Abe and Ishihara (1985) . Another was a weathered sample with white-colored rock, yet keeping the drill hole shape and corresponding to sample No. 2 of their paper. They were recovered respectively from ca. 760 and 350 mbs in the drill hole.
Magnetic susceptibility of the tonalite at the freshest part was 350-450 10 -6 emu/g (Kanaya, 1996) , indicating that these rocks belonged to the magnetite series of Ishihara (1977) . However, the magnetic susceptibility was about one-third of typical magnetite-series tonalite in the Sanin District, which is also a characteristic of the granitoids in the western Kitakami Mountains and eastern Abukuma Highland.
Analytical method and result
The U-Pb ages for the obtained zircons from the Matsukawaura Tonalite were analyzed using LA-ICP-MS set at the Earthquake Research Institute, The University of Tokyo. The analytical method was the same as those described earlier by Orihashi et al. (2008) . The weighted averages of 238 U-206 Pb ages are calculated using the Isoplot 3.0 program (Ludwig, 2003) . During this study, the weighted average of 238 U-206 Pb ages for the duplicated analyses (N = 13) of OD-3 zircon standard were 33.42 0.58 Ma (95% conf., MSWD = 4.0), corresponding well to the preferred value of Iwano et al. (2012; 2013) within the range of analytical error ( 2%).
The analytical results of U-Pb isotope ratio for the two samples are presented in Table 1 . Tera-Wasserburg concordia diagrams showing the results of U-Pb concordant data are presented in Fig. 2 . The weighted average of 238 U-206 Pb age for 21 zircon crystals from the fresh sample yielded 115.4 1.4 Ma (95% conf., MSWD = 4.4). That of 25 zircon crystals from the weathered sample was 113.6 1.4 Ma (95% conf., MSWD = 4.8), i.e., they exhibit no age difference, being within the range of the analytical error. The white color of the weathered sample might well result from powdery kaolinite crystals created after plagioclase decomposition. Such weathering appears to be ineffective for U-Pb system in the zircon, considering the analytical (2010), Kon and Takagi (2012) and Ishihara and Orihashi (2015) . Small open circle, ilmenite series; small solid circles, intermediate series; larger solid circles, magnetite series. error.
Genetic bearing of the Matsukawaura tonalite
At about 80 km south of the drill hole of the Gosaisho-Takanuki transect, the Abukuma Highland, the zircon U-Pb ages yielded 108-106 Ma (Ishihara and Orihashi, 2015) . Their samples were granodiorite containing 2.6 and 2.8 wt.% in K 2 O at 66.8 and 67.5 wt.% in SiO 2 , although the drill core of the Matsukawaura Tonalite contained much lower potassium contents of 0.7-1.3 wt.% in K 2 O and 62.8-67.7 wt.% in SiO 2 (Abe and Ishihara, 1985) . The tonalite belongs to low K series on the K 2 O -SiO 2 diagram, although it is not shown here. Kanaya (1996) added trace element data related to the Matsukawaura tonalitie and reported extremely low Rb contents of 14-30 ppm and high values for Sr of 792-1,030 ppm, except for the shallowest three samples, which have loss of ignition (LOI) of more than 2.0 wt.% (see Table 2 , Kanaya, 1996) . The Y contents, however, were very low: 3-8 ppm. Consequently, the Sr/Y ratios were very high: 100-343. Typically, such an igneous rock is classified as adakite on a Sr/Y vs. Y plot (Defant and Drummond, 1990) . Tsuchiya et al. (2014) reported that the Wariyama Sheared Granodiorite occurring along the east side of the Futaba Fault is typically adakite, identified as having two zircon U-Pb ages: 308-302 Ma on mediumgrained, K 2 O and Sr-poorer rocks; and 118-117 Ma on coarse-grained, K 2 O and Sr-richer rocks (Takase Granite). Our U-Pb age results (115-114 Ma) and geochemical characteristics of the Matsukawaura Tonalite show similarity to the latter group, with fine-grained having only weak foliation.
The Cretaceous granitoids having adakitic characteristics are common in the Kitakami Mountains as pointed out by Tuchiya et al. (2014) , but the other Cretaceous adakitic plutons occur in a few locations, i.e., the Higo plutonic rocks of the Kyushu District (Kamei, 2004) , the Tamba Granitoids of Sanyo Belts, the Kinki District (Kiji et al., 2000; Imaoka et al., 2014) and quartz diorite of the Yamizo Mountains, Kanto District (Takahashi et al., 2006) . Additional works must be conducted to ascertain on the genesis of the Cretaceous adakitic granitoids in the Japanese Islands. 
